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IURPDQDO\VLVRI
GLVSODFHPHQWV DQG G\QDPLF HIIHFWV WKH FRQFOXVLRQV GHULYHG IURP WKLV FRPSOH[ VWXG\ FDQ EH YHU\ KHOSIXO LQ
HQJLQHHULQJSUDFWLFHHVSHFLDOO\LQWKHILHOGRIUHVHDUFKFRQWURODQGDFFHSWDQFHRIFDUULHGRXWWHVWVDQGH[DPLQDWLRQV
GXULQJFRQVWUXFWLRQRISRVWWHQVLRQHGSUHVWUHVVHGFRQFUHWHSDUWLFXODUO\LQEULGJHVRIVLPLODUJHRPHWULFVWUXFWXUHDQG
VLPLODUPDWHULDOFKDUDFWHULVWLFV>@
'HVFULSWLRQRIEULGJHVWUXFWXUH
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DGRSWHGDVWKHEULGJHGHVLJQ7KHGHVLJQZDVSUHSDUHGE\WKH+\GURSURMHNWRI:URFáDZ>@7KHEULGJHLVDIRXUVSDQ
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DORQJLWXGLQDOEULGJHVHFWLRQEVLGHYLHZIURPWDLOZDWHUDQGFWRSYLHZ
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)LJ&URVVVHFWLRQRIEULGJHVSDQDQGORFDOL]DWLRQRIG\QDPLFJDJHV
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FKDQJHLQWKHURXWHRIWKHWUXFNLQDFURVVVHFWLRQRIWKHURDGZD\PDNHVLWSRVVLEOHIRUGLUHFWFRPSDULVRQRIWKHUHVXOWV
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 3DVVLQJRIWUXFNDORQJWHVWLQJVSDQV,DQG,,DWVSHHGVRIv DQG
NPK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DIURPVLGHRISRZHUVWDWLRQVFKHPHV,±,9DQGELQFRPPDQG
RISRZHUVWDWLRQVFKHPHV9±9,,,
 3DVVLQJRIWUXFNDORQJWHVWLQJVSDQV,DQG,,DWVSHHGRIv DQG
NPKZLWKEUDNLQJDWPLGVSDQ,,DIURPVLGHRISRZHUVWDWLRQVFKHPHV
,;±;,DQGELQFRPPDQGRISRZHUVWDWLRQVFKHPHV;,,±;,9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 3DVVLQJRIWUXFNDORQJWHVWLQJVSDQV,DQG,,DWVSHHGVRIv DQG
NPKZLWKSDVVLQJE\WKHWKUHVKROGDERXWKHLJKWPDUUDQJHGLQKDOIRI
VSDQ,,DIURPVLGHRISRZHUVWDWLRQVFKHPHV;9±;9,,DQGELQ
FRPPDQGRISRZHUVWDWLRQVFKHPHV;9,,,±;;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 3DVVLQJRIFROXPQFRQVLVWVRIIRXUORDGLQJWUXFNVDORQJWHVWLQJVSDQV,DQG
,,IURPVLGHRULQFRPPDQGRISRZHUVWDWLRQDWVSHHGRIv NPK
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ZHUHHVWLPDWHGDVIROORZV
DQGNPKLQERWKGLUHFWLRQV0HDVXUHPHQWVRIG\QDPLFLQWHUDFWLRQVZHUHWDNHQDOVRZKHQWKHWUXFNZDV
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D[LVRIWKHURDGZD\)LJD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LQHUWLDOJDJHV$DQG%DUHVKRZQRQ)LJDQG
0HWKRGRIWHVWVUHVXOWVLQWHUSUHWDWLRQ
2XWOLQLQJWKHUHVXOWVRIWKHG\QDPLFWHVWVLVXQXVXDOO\ODERXUFRQVXPLQJDQGDUGXRXVDQGWKHUHJLVWHUHGYDOXHV
ZHUHWDNHQXVXDOO\LQRUGLQDU\KXPDQKDQGZULWLQJV$FKDUDFWHULVWLFUHVXOWRIWKHPHDVXUHPHQWVLVWKHFRPPRQJUDSK
RIYLEUDWLRQDQGPRYHPHQWDQGRUYHORFLW\DQGYLEUDWLRQIUHTXHQF\,QWHUSUHWDWLRQRIUHVXOWVRIPHDVXUHPHQWVLVYHU\
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QRWKDYLQJXQDQLPRXVLPSOLFDWLRQ
7KHPDLQSDUDPHWHUREWDLQHG LV DG\QDPLF FRHIILFLHQW ,W LV FKDUDFWHUL]HG IRU WKHG\QDPLF ORDGRI VWUXFWXUH LQ
FRPSDULVRQWRVWDWLFORDG,WLVFDOFXODWHGDVUDWLRRIPD[LPXPG\QDPLFVWUDLQRUGHIOHFWLRQGHVFULEHGDVWKHODUJHVW
YDOXHRIGHIOHFWLRQRQ WKHJUDSK WRPD[LPXPVWDWLFGHIOHFWLRQVWUDLQGHVFULEHGDV WKHDYHUDJHRIPLQLPXPDQG
PD[LPXPGHIOHFWLRQVWUDLQRQWKHJUDSK
7KHG\QDPLFFRHIILFLHQWVFDOFXODWHGIURPWKHPHDVXUHPHQWVFDQEHFRPSDUHGZLWKVXLWDEOHYDOXHVJLYHQXQGHU
QRUPDOVWDWLFORDGV,QFRGHIRUPXODWLRQVRIG\QDPLFVFRHIILFLHQWLVDQDGGLWLRQDOVDIHW\PDUJLQDQGLQDVSHFLILFVHQVH
LQFUHDVLQJLQWKHVWDWLFORDGZKLFKLVWKHEDVLVIRUGHVLJQLQJWKHVWUXFWXUH7KHUHLVWKHQHHGWRFRQVLGHUWKDWVXFKD
JLYHQFRHIILFLHQWRIG\QDPLFVUHIHUVWRWKHSODFHZKHUHWKHPHDVXUHPHQWZDVFRQGXFWHG7KLVLVZK\WKHPLGVSDQZDV
FKRVHQDVWKHFULWLFDOSRLQWVRUSODFHVIRUH[DPLQDWLRQVLQWKHFDVHRIDSRVWWHQVLRQHGFRQFUHWHEULGJH
%DVHGRQXVHGDSSDUDWXVDQGDVVXPHGWHVWSURJUDPPHWKHILQDOUHVXOWVDUHIROORZLQJ
7RWDOG\QDPLFPD[LPXPGHIOHFWLRQVሺ ݂ሻPD[LPXPVWDWLFVWUDLQVሺߝሻDQGPD[LPXPLQFUHDVHG\QDPLF
VWUDLQVሺɁߝሻZKLFKPXVWQRWRFFXU VLPXOWDQHRXVO\7KHQFRPSDWLEOHFRPSRQHQWRI VWDWLFDQGG\QDPLF VWUDLQV
RXJKWWREHGHILQHG>@
'\QDPLFFRHIILFLHQWVFDOFXODWHGEDVHGRQGHIOHFWLRQV
)UHTXHQF\RIQDWXUDOYLEUDWLRQRIWKHEULGJH
/RJDULWKPLFGHFUHPHQWRIGDPSLQJ¨ZKLFKFDQEHFDOFXODWHGIURPWKHIRUPXOD
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LQZKLFK fi±iWKSDUWLFXODUDPSOLWXGHRIGHIOHFWLRQfi±iDPSOLWXGHRIGHIOHFWLRQr±QXPEHURIDGGHQGV
D E
)LJ9LHZRISDVVLQJRIORDGLQJWUXFNDWVSHHGDNPKGXULQJSDVVLQJRIWUXFNWKURXJKWKUHVKROGVFKHPH;9,,,DQGESDVVLQJRIWKH
FROXPQFRQVLVWVRIIRXUORDGLQJWUXFNVDWVSHHGNPKDORQJWHVWLQJVSDQVVFKHPH;;,
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,WLVQHFHVVDU\WRPHQWLRQWKDWWKHPHDVXUHGGHIOHFWLRQLQFOXGHFRQWULEXWLRQVIURPVHYHUDOPRGHVRIYLEUDWLRQ7KXV
HTXDWLRQLVRQO\UHOHYDQWDIWHUILOWHULQJRIWKHVLJQDOWRLVRODWHWKHPRGHRILQWHUHVW
5HVXOWVDQGDQDO\VLVRIWKHUHVHDUFK
6RPHRIWKHJUDSKVREWDLQHGIURPWKHVWUDLQVDQGYLEUDWLRQYHORFLW\FRXUVHVLQWLPHDVZHOODVWKHFRUUHVSRQGLQJ
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$QDO\VLQJWKHREWDLQHGJUDSKVWKHYLEUDWLRQYHORFLW\LQWLPHDVZHOODVWKHDPSOLWXGHYDOXHVDQGQDWXUDOIUHTXHQFLHV
RIFRQFUHWHORDGFDSDFLW\VWUXFWXUHRIWKHEULGJHGXULQJWKHSDVVLQJRIWKHWUXFNZKLFKDUHSUHVHQWHGLQ7DEOHLW
ZDVFRQILUPHGWKDW


)LJ&RPSDULVRQRIFRXUVHVLQWLPHDYHORFLWLHVRIYLEUDWLRQVDQGEFRUUHVSRQGLQJWKHPIUHTXHQF\VSHFWUXPVRIVSDQV,DQG,,PHDVXULQJ
SRLQWV$DQG%GXULQJSDVVLQJRIORDGLQJWUXFNDWDVSHHGRIv NPKVFKHPHV,;DQG;,,NPKVFKHPHV;DQG;,,,DQGNPK
VFKHPHV;,DQG;,9
269 Arkadiusz Mordak and Zbigniew Zee Mańko /  Procedia Engineering  156 ( 2016 )  264 – 271 
7KHODUJHVWDPSOLWXGHRIYLEUDWLRQYHORFLW\PHDVXUHGLQPHDVXUHPHQWSRLQW%DPRXQWHGWRv% PVZLWKWKH
YLEUDWLRQIUHTXHQF\HTXDOWRf% +]ZKLFKZDVREWDLQHGGXULQJWKHSDVVLQJRIWKHWUXFNZLWKDVSHHGRI
DERXWNPKIURPWKHGLUHFWLRQRIWKHULJKWWRWKHOHIWDEXWPHQW5±/VFKHPH9
'XULQJSDVVLQJDQGEUDNLQJRIWKHWUXFNRQWKHEULGJHWKHODUJHVWYLEUDWLRQYHORFLW\DPSOLWXGHv% PVZLWK
YLEUDWLRQIUHTXHQF\f% +],WZDVREWDLQHGDWSRLQW%GXULQJWKHSDVVLQJRIWKHWUXFNZLWKDVSHHGRIDERXW
NPKZKHUHDVIRUWKHVDPHYHORFLW\RIWKHWUXFNDWSRLQW$YLEUDWLRQYHORFLW\DPSOLWXGHv$ PVZLWK
IUHTXHQF\f$ +])LJVFKHPH;,9
7KHODUJHVWYLEUDWLRQYHORFLW\DPSOLWXGHYDOXHRIWKHFRQFUHWHVWUXFWXUHZDVQRWLFHGGXULQJWKHSDVVLQJRIWKHWUXFN
RYHUWKHWKUHVKROGO\LQJRQWKHEULGJHVSDQ,WZDVHTXDOWRv% PVZKHQWKHYLEUDWLRQIUHTXHQF\ f% 
+]ZKHUHDV DW SRLQW$YLEUDWLRQ DPSOLWXGHv$ PVZLWK D IUHTXHQF\ f$ +]7KHVH UHVXOWVZHUH
REWDLQHGZKHQWKHWUXFNZDVSDVVLQJZLWKDVSHHGRINPKIURPWKHOHIWWRWKHULJKWDEXWPHQW/±5VFKHPHV
;9,DQG;,;
,QHIIHFWRIFRQGXFWHGG\QDPLFPHDVXUHPHQWVDQGDSSURSULDWHFDOFXODWLRQVYDOXHVRIG\QDPLFFRHIILFLHQWĳZHUH
DSSRLQWHGIRUDOOUHDOL]HGORDGFDVHV,±;;,,$OOG\QDPLFFRHIILFLHQWYDOXHVĳZHUHFDOFXODWHGRQWKHEDVHRIREWDLQHG
FKRVHQFKDUDFWHULVWLFSRLQWVRIWHVWHGVSDQV,DQG,,GHIOHFWLRQV
$QDO\VLQJ WKH H[WUHPH JUDSKV RI DPSOLWXGH DQGYLEUDWLRQ IUHTXHQFLHV REWDLQHG IURP WKH VWUDLQVPHDVXUHPHQWV
YDOXHVRIWKHSRVWWHQVLRQHGFRQFUHWHPDLQEHDPVRIWKHEULGJHLWZDVFRQILUPHGWKDW
• 7KHODUJHVWG\QDPLFGLVSODFHPHQWRIWKHPDLQEHDPIRUEDVLFORDGVFKHPHV,±9,,,ZDVPHDVXUHGDWPLGVSDQ,
fG î±P VFKHPH ,9 WKHUHIRUH DWPLGVSDQ ,,ZHUH fG î±P WKDWZDV REWDLQHG GXULQJ WKH
SDVVLQJRIWKHWUXFNDFURVVWKHEULGJHZLWKDVSHHGv NPK7DEOH
• 'XULQJWKHULGLQJRIWKHWUXFNZLWKDVSHHGRINPKZLWKLQWKUHVKROGWKHODUJHVWGLVSODFHPHQWZDVUHJLVWHUHGDW
PLGVSDQ,ZKLFKZDVfG î±PVFKHPH;,;ZKHUHDVDWPLGVSDQ,,ZDVfG î±P
• %DVHGRQGLVSODFHPHQWPHDVXUHPHQWVREWDLQHGLQERWKWHVWLQJVSDQV,DQG,,PDJQLWXGHVRIG\QDPLFFRHIILFLHQWV
ZHUHFDOFXODWHGĳ fGfVDVPD[LPXPG\QDPLFGLVSODFHPHQWVfGWRVWDWLFGLVSODFHPHQWVfVUHDGIURPWKHJUDSKRI
7DEOH9DOXHVRIDPSOLWXGHVRIYLEUDWLRQYHORFLWLHVDQGIUHTXHQFLHVRIEULGJHVSDQV,DQG,,GXULQJSDVVLQJRIORDGLQJWUXFNV
*DJHQXPEHUV 7KHGLUHFWLRQRIWUXFNULGH$EXWPHQW/HIW±5LJKW
$PSOLWXGHRIYLEUDWLRQYHORFLW\
PV
9LEUDWLRQIUHTXHQF\
+]
3DVVLQJRIWUXFNVDWGLIIHUHQWVSHHGVvLQNPK
    
$ /±5    5±/    
% /±5    5±/    
    
$ /±5    5±/    
% /±5    5±/    
3DVVLQJDQGEUDNLQJRIWUXFNRQPLGVSDQDWGLIIHUHQWVSHHGVvLQNPK
      
$ /±5      5±/      
% /±5      5±/      
3DVVLQJRIWUXFNWKURXJKWKUHVKROGRIGLPHQVLRQVîPDWVSHHGVvLQNPK
      
$ /±5      5±/      
% /±5      5±/      
7KHSDVVLQJRIFROXPQIRXUWUXFNVDWv NPK
$ /±5  5±/  
% /±5  5±/  

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DOOWKHG\QDPLFDQGVWDWLFORDGGLDJUDPVDVVHWXSLQ7DEOH7KHLUPD[LPDOYDOXHVDUHIRUWKHORDGHGWUXFN
ZLWKDVSHHGRINPKIRUWKHWUXFNZLWKWKUHVKROGORDGYDOXHZLWKDVSHHGNPKDVZHOODV
GXULQJEUDNLQJRIWKHWUXFNZLWKDVSHHGRINPK)URPWKLVLWFDQEHDGPLWWHGWKDWLQWKHFDVHRIWKLVSDUWLFXODU
EULGJH WKHVSHHGRI WKHPRYLQJ WUXFNv NPKZDV WKHFULWLFDOVSHHGvFU7KHREWDLQHGG\QDPLFFRHIILFLHQW
YDOXHVEDVHGRQWKHUHVHDUFKZHUHFRPSDUHGWRYDOXHVREWDLQHGIURPFDOFXODWLRQVGRQHIURPWKHIRUPXODLQ
DJUHHPHQWWRWKHORDGEULGJHVWDQGDUGRIWKH316>@DVVHWXSIRUURDGEULGJHVLQZKLFKLLVHIIHFWLYH
VSDQRIEULGJH
 ϕ ±L ±î  
• 7KHORJDULWKPGHFUHPHQWRIGDPSLQJǻIRUDOOWKHG\QDPLFORDGVFKHPHVLVSUHVHQWHGLQ7DEOH>@,WDIILUPHG
WKDWWKHGDPSLQJYDOXHVZHUHLQWKHOLPLWVIURPVFKHPH,,WRVFKHPH;9,
&RQFOXVLRQV
3UDFWLFDOH[SHULHQFHVREWDLQHGIURPWKHG\QDPLFWHVWVRIEULGJHZKLFKZHUHFRQWLQXDWLRQVRIDOUHDG\FRQGXFWHG
VWDWLFWHVWV>@DQGFRPSUHKHQVLYHDQDO\VLVRIREWDLQHGUHVXOWVDOORZVIRUIRUPXODWLRQRIWKHIROORZLQJFRQFOXVLRQV
>@
• %DVHGRQG\QDPLFFRHIILFLHQWYDOXHVĳGHWHUPLQHGIRUDOOWKHORDGYDULDQFHV,±;;,,ZKLFKZHUHREWDLQHGIURP
GLVSODFHPHQWV DWPLGVSDQ , DQG ,,RI WKHEULGJHKDYHEHHQGHWHUPLQHGDPRQJRWKHU WKLQJV WKHFULWLFDO VSHHG
vFU NPK,WZDVDOVRQRWLFHGWKDWWKHYDOXHVRIG\QDPLFFRHIILFLHQWVZHUH±ORZHU7DEOHWKDQYDOXHV
FDOFXODWHGLQDFFRUGDQFHZLWKWKH3ROLVK%ULGJH/RDG6WDQGDUGRIWKHORDGYDOXHV316>@
• ,WZDVQRWLFHGWKDWWKHG\QDPLFFRHIILFLHQWYDOXHVDUHGLIIHUHQWGHSHQGLQJRQWKHW\SHRIHOHPHQWG\QDPLFORDG
VFKHPHVSHHGRIWKHORDGHGPRYLQJWUXFNDQGDERYHDOORQWKHORFDWLRQRIWKHSRLQWRIPHDVXUHPHQWVSDQ,DQG
,,RQWKHEULGJHVWUXFWXUH7DEOH
• %DVHGRQG\QDPLFWHVWVRIEULGJHDVZHOODVRQDGGLWLRQDODQDO\VLVRIWKHRU\LWVHHPVVHQVLEOHWKDWWKHQRUPDOYDOXHV
RI G\QDPLF FRHIILFLHQWV IRU WKH SRVWWHQVLRQHG SUHVWUHVVHG FRQFUHWH VWUXFWXUH KDYH JRW DQ RSWLPDO YDOXHV
6LPXOWDQHRXVO\JURZWKWKHQRUPDOYDOXHVRIG\QDPLFFRHIILFLHQWVIRUWKHVHEULGJHVWUXFWXUHVZLOOFDXVHLQFUHDVH
VDIHW\DWYDULRXVVWDJHVRILWVFRQVWUXFWLRQDQGLQWKHLUVHUYLFHDQGZKLFKDVZHOOOHDGVWRDPRUHUDWLRQDOLW\LQWKHLU
GHVLJQDQGWKHLUDSSOLFDWLRQ
• ,Q WKH SURFHVV RI WKH UHVHDUFKRQG\QDPLF ORDG HIIHFWV RQEULGJHV QRREVHUYDWLRQRI G\VIXQFWLRQRI WKH SRVW
WHQVLRQHGSUHVWUHVVHGFRQFUHWHVWUXFWXUHXQGHUGLIIHUHQWORDGVFKHPHVZDVPDGHHYHQVXGGHQEUDNLQJDQGLQWKH
PRPHQWWKHWUXFNZDVPRYLQJDFURVVWKUHVKROGZLWKVLPXOWDQHRXVDSSOLFDWLRQRIEUDNH
• :LGHUDQJHRIG\QDPLFWHVWVFRQGXFWHGRQOHGWRYHUVDWLOHHIIRUWDQGHYDOXDWLRQRIWKHHOHPHQWVLQWKHFRQFUHWH
VWUXFWXUHRIWKLVEULGJH)LQDOFRQFOXVLRQVFRQILUPHGWKHREVHUYDWLRQVWDNHQIURPWKHUHVHDUFKXQGHUVWDWLFORDG,Q
HIIHFWWRWDODQDO\VLVJDYHULVHWREDVLVRQZKLFKWKHEULGJHZDVTXDOLILHGIRUQRUPDOVHUYLFHLQDFFRUGDQFHZLWKWKH
3ROLVKVWDQGDUGVLQEULGJHV>@
7DEOH7KHG\QDPLFFKDUDFWHULVWLFVYDOXHVRIEULGJHFDOFXODWHGRQWKHEDVLVRIYHUWLFDOGLVSODFHPHQWVLQ±PPHDVXUHGGXULQJSDVVLQJWKH
YHKLFOHZLWKGLIIHUHQWVSHHGV
/RDG
FDVH
6SDQ, 6SDQ,, /RDG
FDVH
6SDQ, 6SDQ,,
fV fG ĳ ǻ fV fG ĳ ǻ fV fG ĳ ǻ fV fG ĳ ǻ
,         ;,,E        
,,         ;,,,E        
,,,         ;,9E        
,9 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        
9         ;9,W        
9,         ;9,,W        
9,,         ;9,,,W        
9,,,         ;,;W        
,;E         ;;W        
;E         ;;,        
;,E         ;;,,        
1RWHVE±EUDNLQJW±WKUHVKROGǻ±ORJDULWKPLFGHFUHPHQWRIGDPSLQJ
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7KHDERYHVXPPDU\DQGILQDOFRQFOXVLRQVUHIHUWRDVWUXFWXUHVSDQRIJLYHQJHRPHWULFDOFKDUDFWHULVWLFVDQGULJLGLW\
RIYDULRXVHOHPHQWVDVZHOODVVSHFLILHGHIIHFWLYHVSDQ,QRUGHUWREHDEOHWRGLUHFWO\DSSO\WKHUHVXOWVREWDLQHGLQWKH
UHVHDUFKRIG\QDPLFORDGHIIHFWVRQEULGJHVDPRQJRWKHUVG\QDPLFFRHIILFLHQWĳFULWLFDOVSHHGvFUWRRWKHUW\SHVRI
EULGJHVDGGLWLRQDOWHVWVPXVWEHFRQGXFWHGZKLFKZHUHPDGHE\DXWKRUVRQRWKHUEULGJHV>@
,WLVZHOONQRZQWKDWFRPSOHWHDQDO\VLVVKRXOGEHSHUIRUPHGFRQWDLQLQJILOWHUHGPRGHVRIWKHYLEUDWLRQVIRUPRUH
SUHFLVH ORJDULWKPLF GHFUHPHQWV RI YLEUDWLRQV FDOFXODWLRQV $GGLWLRQDOO\ WKH HLJHQ PRGHV RI YLEUDWLRQV DQG WKHLU
IUHTXHQFLHVIRUWKHEULGJHVKRXOGEHLGHQWLILHGXVLQJD)(0PRGHODQGLWLVWKHPDLQVXEMHFWRIFXUUHQWDXWKRUVVWXGLHV
ZKLFKZLOOEHSXEOLVKHGVRRQZKDWZLOOFDXVHWKDW WKHFRQFOXVLRQVZLOOEHPRUHXVHIXOIRU WKHIXWXUHHQJLQHHULQJ
SUDFWLFH
5HIHUHQFHV
>@=0DĔNR$0RUGDN6WDWLF)LHOG/RDG7HVWVRI3RVWWHQVLRQHG3UHVWUHVVHG&RQFUHWH5RDG%ULGJH/RFDWHGRYHUD:DWHU3ODQWRQD:DWHU
5HVHUYRLUActa Scientiarum Polonorum1RSS±LQ3ROLVK
>@=0DĔNR$0RUGDN5HVHDUFKXQGHU'\QDPLF/RDGVRI3RVWWHQVLRQHG3UHVWUHVVHG&RQFUHWH5RDG%ULGJH6LWXDWHGRYHUD:DWHU3ODQWRQ
:DWHU5HVHUYRLUActa Scientiarum Polonorum1RSS±LQ3ROLVK
>@=0DĔNR$0RUGDN6XEPLWWLQJ3URMHFWDQG5HSRUWRQ7ULDO/RDGRI3UHVWUHVVHG5RDG%ULGJHRYHU:DWHU3ODQWRQD:DWHU5HVHUYRLURIWKH
1\VD.áRG]ND5LYHULQ7RSROD. Scientific-Research Center for Development of Bridge Industry MOSTAR:URFODZ3RODQGLQ3ROLVK
>@-.PLWD5RDG%ULGJH3UHVWUHVVHGZLWK5RSH7HQGRQVInzynieria i Budownictwo9RO;9,,1RSS±LQ3ROLVK
>@-.PLWD7ZR%ULGJHV3UHVWUHVVHGZLWK7HQGRQVφDrogownictwo9RO;91RSS±LQ3ROLVK
>@::LVQLRZVNL7HFKQLFDO'HVLJQRI%ULGJHRYHUD:DWHU3ODQWRQD:DWHU5HVHUYRLULQ7RSRODHydroprojekt Design Office:URFáDZ3RODQG
LQ3ROLVK
>@$0RUGDN=0DĔNR5HVHDUFKXQGHU'\QDPLF/RDGVRI3RVWWHQVLRQHG3UHVWUHVVHG&RQFUHWH5RDG%ULGJH6LWXDWHGRYHU5HVHUYRLU:DWHU
3ODQW,QInnovation & Sustainability of Structures, Southeast University Press Proceedings of the International Symposium on Innovation & 
Sustainability of Structures in Civil Engineering1RY±6KDQJKDL&KLQD9ROSS±
>@$0RUGDN=0DĔNR6WDWLF/RDG7HVWVRI3RVWWHQVLRQHG3UHVWUHVVHG&RQFUHWH5RDG%ULGJH/RFDWHGRYHUD:DWHU5HVHUYRLUProceedings of 
the International Symposium on Innovation & Sustainability of Structures in Civil Engineering – Including Seismic Engineering1DQMLQJ
&KLQD1RY±SS±
>@$0RUGDN=0DĔNR6WDWLF)LHOG/RDG7HVWVRI3RVWWHQVLRQHG3UHVWUHVVHG&RQFUHWH5RDG%ULGJH/RFDWHGRYHU5HVHUYRLU:DWHU3ODQW,Q
Transportation Research Record (TRR), No. 08-2546, Journal of the Transportation Research Board of the National Academies:DVKLQJWRQ
'&2FWREHU9ROSS±
>@3167KH3ROLVK%ULGJH6WDQGDUGV. Bridge Objects. Loads.7KH3ROLVK&RPPLWWHHIRU6WDQGDUGL]DWLRQ:DUVDZ3RODQGLQ
3ROLVK
>@3167KH3ROLVK%ULGJH6WDQGDUGVBridge Structures. Concrete, Reinforced Concrete and Prestressed Concrete Structures. Design.
7KH3ROLVK&RPPLWWHHIRU6WDQGDUGL]DWLRQ:DUVDZ3RODQGLQ3ROLVK
>@3167KH3ROLVK%ULGJH6WDQGDUGVConcrete and Reinforced Concrete Bridge Structures. Requirements and Tests7KH3ROLVK
&RPPLWWHHIRU6WDQGDUGL]DWLRQ:DUVDZ3RODQGLQ3ROLVK


